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(54) Radio frequency amplifiers 

(57) A radio frequency amplifier having a power 
transistor (Q1 ) to the base of which is coupled a radio 
frequency signal to be amplified. An amplified radio fre- 
quency signal is provided at the collector of the power 
transistor (Q1). A control transistor (Qc) has its base 
coupled to the base of the power transistor (Q1) whilst 
a driver transistor (Q2) provides a control bias signal to 
the bases of the control and power transistors. A differ- 



ential amplifier (Qdl. Qd2) has a first input coupled to 
an input bias signal and an output coupled to the base 
of the driver transistor (Q2). The collector of the control 
transistor (Qc) is coupled to a second input of the differ- 
ential amplifier to provide a negative feedback signal to 
the differential amplifier and the driver transistor (Q2) 
and thereby to stabilise the operating point of the power 
transistor (Q1). 
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Description 

[0001] The present Invention relates to radio frequen- 
cy amplifiers having a power transistor. In particular, 
though not necessarily, the Invention relates to providing 
temperature compensation for the power transistor of a 

radio frequency amplifier. 

[0002] Power transistors are commonly used in many 
radio frequency (RF) devices and circuits Including 
those incorporated into cellular radio telephones and 
cellular radio base station transceivers. Often, the sta- 
bility of the output power is critical to the correct opera- 
tion of the device or circuit, not only to ensure accurate 
RF output power levels but also to prevent damage to 
transistor itself. A common cause of output power insta- 
bility is variation of the operating temperature of the 
power transistor, such as can arise due to self-heating 
and changes in the ambient temperature. 
[0003] In order to ensure that a power transistor am- 
plilies rin RF signal wilh a desired gain, it Is necessary 
to bifis the hnribisitoi rtt a suitable "operating point". A 
simple birising arrrtngcment is shown in Figure 1 . where 
an RF stgnnl RF_lN lo be amplified is coupled to the 
input of a power trijrsiGlor Q1. The amplified RF signal 
RF_OUT iG ooi.'i ncd I'om the collector of the power 
transistor A driver transisior Q2 Is also coupled to the 
input of the pcwor trnnsislor Q1 to bias the power tran- 
sistor at H suitable opornting point. Temperature chang- 
es will howftvpr irnri to change the base-emitter voltag- 
es of boih ine power and driver transistor, changing the 
operating point and therefore gain of the power transis- 
tor Ql Provided thai the emitter resistance Re is large, 
an Increase in gam and collector current will tend to be 
offset by a decrease in the base-emitter voltage intro- 
ducing a degree of stability to the transistor. However, 
a large emiiier resistance results In a large power loss 
across that resistance, decreasing the efficiency of the 
amplifier. 

[0004] Figure 2 Illustrates a modified power amplifier 
incorporating a typical temperature compensating bias- 
ing circuit. The circuit comprises a pair of diode-connect- 
ed transistors Q3, Q4 connected between the base of 
the driver transistor Q2 and ground. The underlying op- 
erating theory is that the voltage drop across the two 
diode-connected transistors Q3, Q4 tracks that across 
the base-emitter junctions of the driver and power tran- 
sistors Ql, Q2, maintaining the power transistor base 
current substantially constant and its operating point 
stable. As with the circuit of Figure 1, additional stability 
is provided by the voltage drop across the emitter resist- 
ance Re although again this tends to reduce the efficien- 
cy of the amplifier. 

[0005] Although the temperature compensation cir- 
cuit of Figure 2 is widely used, it is not ideal. Firstly, fluc- 
tuations in the bias voltage Vbias, usually generated 
from a regulated voltage (e.g. the supply voltage Vsup), 
have a significant effect on the collector current Ic of the 
power transistor Oi. Secondly, as the base-emitter re- 



gions of the two diode-connected transistors Q3. Q4 are 
not operating under exactly the same conditions as the 
power and driver transistors Ql. Q2 (for example they 
do not receive the RF input signal), the voltage drop 
5 across the former may not necessarily follow that across 
the base-emitter junctions of the latter even if the oper- 
ating temperatures of all four transistors are substantial- 
ly identical. This problem is exacerbated by differences 
between the varbus transistors which arise from possi- 
10 bly wide manufacturing tolerances, even where the en- 
tire circuit is Integrated onto a single semiconductor 
chip. 

[0006] It is an object of the present invention to pro- 
vide a radio frequency amplifier which overcomes or at 
least mitigates the above noted disadvantages. This 
and other objects are achieved by providing an addition- 
al control.transistor arranged to conduct a current den- 
sity substantially identical to that conducted by the pow- 
er transistor of the amplifier, and to provide a feedback 
signal for controlling biasing of the power transistor 
[0007] According to a first aspect of the present inven- 
tion there is provided a radio frequency amplifier com- 
prising: 

a power transistor having an Input for receiving a 
radio frequency signal to be amplified and an output 
for providing an amplified radio frequency signal; 
a control transistor having an Input coupled to said 
input of the power transistor; 

a driver transistor having an output coupled to said 
Inputs of the power and control transistors for pro- 
viding a control bias signal to the power and control 
transistors; and 

a differential amplifier having a first input coupled to 
an input signal and an output coupled to an Input of 
thedrivertranslstorfor providing a driver control sig- 
. nal to the driver transistor, 
the control transistor having an output coupled to a 
second Input of the differential amplifier, wherein 
. the output of the control transistor tends to follow 
: the output of the power transistor and provides a 
negative feedback signal to the differential amplifi- 
er 

[0008] Embodiments of the present invention provide 
a feedback signal from the output of the control transis- 
tor to the differential amplifier, which signal tends to drive 
the output of the differential amplifier, and therefore the 
power transistor control bias signal, to maintain the pow- 
er amplifier at a substantially constant operating point. 
The present invention reduces the effect of temperature 
changes on the operating point of the power amplifier. 
[0009] Preferably the feedback loop provided by the 
control transistor and the differential amplifier further 
comprises low pass filter means arranged to remove the 
effect of radio frequency variations occurring at said out- 
put of the control transistor 

[0010] The power transistor may have any suitable 
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configuration. However, a preferred configuration con- 
sists of two or nnore transistor elements coupled in par- 
allel. 

[0011] Preferably, the power transistor and the control 
transistors are configured such that in the active state 
the current densities flowing through the transistors are 
substantially identical. More preferably, both the power 
and control transistors are provided with respective 
base and emitter resistances, where the values of the 
resistances are inversely proportional to the active area 
of the respective transistors. 

[0012] Preferably, the differential annplifier of the 
present invention is an emitter coupled differential am- 
plifier. 

[0013] Preferably, a stabilising capacitance is provid- 
ed between the input of the driver transistor and said 
second input of the difterentla! amplifier. 
[0014] Embodiments of the present invention may 
comprise a gain control signal coupled to said output of 
the control transistor and to said second input of the dif- 
ferential amplifier. The gain control signal may be used 
to vary the driver control signal applied to the driver tran- 
sistor and therefore the control bias signal applied to the 
power transistor, thereby varying the operating point of 
the power transistor. 

[0015] According to a second aspect of the present 
invention there is provided a method of stabilising the 
operating point of a radio frequency power transistor 
which receives an RF signal to be amplified at an input 
thereof and which provides an amplified RF signal at an 
output thereof, the method comprising: 

coupling a control bias signal to said Input of the 
power transistor and to an input of a control transis- 
tor: 

generating a difference signal which is substantially 
proportional to the difference between an output 
signal of the control transistor and an input signal; 
and 

coupling said difference signal to an input of a driver 
transistor, said control bias signal being an output 
signal of the driver transistor. 

[0016] For a better understanding of the present in- 
vention and in order to show how the same may be car- 
ried into effect reference will now be made, by way of 
example, to the accompanying drawings, in which: 

Figure 1 shows a radio frequency amplifier without 
temperature compensation; 

Figure 2 shows the radio frequency amplifier of Fig- 
ure 1 with a prior art temperature compensation cir- 
cuit; and - 

Figure 3 shows a radiofrequency amplifier of Figure 
2 with a temperature compensation circuit accord- 
ing to an embodiment of the present invention. 

[0017] A simple RF amplifier and a known tempera- 



ture compensation circuit have been described above 
with reference to Figures 1 and 2. Figure 3 illustrates an 
improved temperature compensation circuit for an RF 
amplifier comprising a power transistor Q1 and a driver 

5 transistor Q2. Whilst the driver transistor Q2 is provided 
by a single n-p-n bipolar junction transistor the power 
transistor is provided by a set (m in number where m 
may be, for example, 48) of n-p-n bipolar junction tran- 
sistors (or transistor elements) with respective emitter 

10 and base resistances and RF input coupling capacitanc- 
es, connected in parallel. This is illustrated in the inset 
A in Figure 3. 

[0018] The temperature compensation circuit of Fig- 
ure 3 comprises a control transistor Qc. The control t ran - 

15 sistor is provided by a single n-p-n bipolar junction tran- 
sistor element substantially identical to one of the tran- 
sistor elements making up the power transistor Q1 . As 
such, the active area of the control transistor Qc is 1/m 
times the effective active area of the power transistor 

20 Qi . The control transistor Qc is provided with a base 
resistance Rb and an emitter resistance Re whilst the 
power transistor QI is provided with a base resistance 
Rb/m and an emitter resistance of Re/m. The collector 
of the control transistor Qc is connected to a regulated 

25 dc voltage Vreg via a collector resistance R1 . 

[0019] The collector of the control transistor Qc is also 
connected to the positive input of a differential amplifier. 
The differential amplifier comprises a pair of emitter cou- 
pled bipolar junction transistors Qdl, Qd2. having their 

30 collectors coupled to the regulated voltage Vreg via re- 
spective collector resistances, and is arranged to pro- 
vide an output voltage Vo at the collector of the transistor 
Qdl: 

35 

Vo=A(V2-V1) 

where VI and V2 are the base voltages present on the 
transistors Qdl and Qd2 respectively and A is the gain 

40 Of the differential amplifier. V1 is generated from the reg- 
ulated voltage Vreg via a resistance divider network. 
[0020] The output voltage Vo of the differential ampli- 
fier is coupled via a stabilising resistance R2 to the base 
of the driver transistor Q2 which has its collector coupled 

45 to the supply voltage Vsup. The base of the driver tran- 
sistor is also coupled to the base of the transistor Qd2 
via a stabilising capacitance CI. The driver transistor 
Q2 is connected to the bases of the power and control 
transistors Q1 , Qc via the respective base resistances 

50 to provide a biasing signal to both transistors. 

[0021] Due to the relative scaling of the active area, 
base resistance, and emitter resistance of the power 
transistor QI and the control transistor Qc, the base- 
emitter and collector-emitter current densities flowing 

55 through both transistors will be substantially the same. 
Changes in the collector current of the power transistor 
01 . due for example to heating effects, can therefore be 
expected to be reflected in the collector current of the 
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control transistor Qc, scaled down by a factor of m. 
[0022] Consider for example that the temperature of 
the power transistor Q1 rises after some period of oper- 
ation, causing the collector current and therefore the RF 
gain of the transistor to increase, deviating from the de- 
sired operating point The collector current of the control 
transistor Qc will increase proportionally, causing the 
transistor's collector voltage to decrease (due to the in- 
crease in the voltage drop across the collector resist- 
ance R1). As this collector voltage provides the input 
voltage V2 for the differential amplifier, the output volt- 
age Vo of the differential amplifier will fall. The base cur- 
rent applied to the driver transistor Q2 then falls, de- 
creasing the bias currents applied to the power and con- 
trol transistors and reducing the gain of these transis- 
tors. 

[0023] The control transistor and the differential am- 
plifier therefore have the effect of providing a negative 
feedback control signal to the driver transistor Q2 which 
lends to counteract changes in the properties of the 
power transistor Q1 which would otherwise cause the 
gain of the power transistor to fluctuate. The various 
passive components of the circuit are selected to ensure 
the correct operation of the circuit. In particular, the sta- 
bilising resistance R2 and C1 are selected and arranged 
to stabilise the performance of the feedback loop and in 
particular to remove the effects of high frequency vari- 
ations occurring at the collector of the control transistor 
Qc whilst still enabling the circuit to respond quickly to 
output changes. Components can be selected using, for 
example, computer simulations. 

[0024] An important and surprising advantage of the 
circuit of Figure 3 is that the emitter resistance (Re/m) 
associated with the power transistor Q1 can be small 
relative to known circuits sucti as are illustrated in Fig- 
ures 1 and 2, indeed the resistance of bond wires con- 
necting the emitters of the power transistor elements to 
ground, or even parasitic resistances, may be sufficient 
(to avoid current "hogging"). This is because a large 
temperature compensating emitter resistance is no 
longer required. The circuit of Figure 3 results in a re- 
duced power loss across the emitter resistance and an 
improvement in the efficiency of the amplifier. 
[0025] Figure 3 also illustrates an optbnal gain control 
input in which a gain control voltage Vpc is applied to 
the collector of the control transistor Qc via a resistance 
R3. The voltage Vpc will lend to increase the input volt- 
age V2 to the differential amplifier, in turn increasing the 
bias current provided by the driver transistor Q2. This 
will increase the RF gain of the power transistor Ql. 
[0026] The circuit of Figure 3 may be implemented 
with discrete components, but is preferably integrated 
into a single semiconductor chip. This has the advan- 
tage that the operating temperature of the various com- 
ponents, and in particular of the control and power tran- 
sistors, will tend to be equalised. A preferred configura- 
tion involves arranging the transistor elements of the 
power transistor according to the "common centroid" ge- 
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ometry, and arranging the control transistor directly ad- 
jacent, or amongst, the transistor elements of the power 

transistor. 

[0027] It will be appreciated by the skilled person that 
various modifications may be made to the above de- 
scribed embodiment without departing from the scope 
of the present invention. For example, the present in- 
vention may be applied to stabilise the properties of 
power field effect transistor (FET) such as a metal oxide 
semiconductor FET (MOSFET) or a metal semiconduc- 
tor FET (MESFET), comprising a set of FET elements 
connected in parallel. Stabilisation is achieved using a 
gain control FET which forms part of a negative feed- 
back loop. The configuration and arrangement of the 
control FET are such that the drain-source current den- 
sity is substantially identical to that In the power FET. 



Claims 

1. A radio frequency amplifier comprising; 

a power transistor having an input for receiving 
a radio frequency signal to be amplified and an 
output for providing an amplified radio frequen- 
cy signal; 

a control transistor having an input coupled to 
said input of the power transistor; 
a driver transistor having an output coupled to 
said inputs of the power and control transistors 
for providing a control bias signal to the power 
and control transistors; and 
a differential amplifier having a first input cou- 
pled to an input signal and an output coupled 
to an input of the driver transistor for providing 
a driver control signal to the driver transistor, 
the control transistor having an output coupled 
to a second input of the differential amplifier, 
wherein the output of the control transistor 
tends to follow the output of the power transis- 
tor and provides a negative feedback signal to 
the differential amplifier. 

2. A method according to claim 1 , comprising low pass 
filter means arranged to remove the effect of radio 
frequency variations occurring at said output of the 

. control transistor from said negative feedback sig- 
nal. 

3. A radio frequency amplifier according to claim 1 or 
2, wherein the power transistor consists of two or 
more transistor elements coupled in parallel. 

4. A radio frequency amplifier according to any one of 
the preceding claims, wherein the power transistor 
and the control transistor are configured such that 
in the active state the current densities flowing 
through the transistors are substantially identical. 
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5. A radio frequency amplifier according to any one of 
the preceding claims, wherein both the power and 
control transistors are provided with respective 
base and emitter resistances, the values of the re- 
sistances being inversely proportional to the active s 
area of the respective transistors. 

6. A radio frequency amplifier according to any one of 
the preceding claims, wherein the differential am- 
plifier Is an emitter coupled differential amplifier. io 

7. A radio frequency amplifier according to any one of 
the preceding claims, wherein a stabilising capaci- 
tance is provided between the Input of the driver 
transistor and said second Input of the differential 

amplifier. 

8. A radio frequency amplifier according to any one of 
the preceding claims, wherein a gain control signal 

is coupled to said output of the control transistor and 20 
to said second input of the differential amplifier. 

9. A method of stabilising the operating point of a radio 
frequency power transistor which receives an RF 
signal to be amplified at an input thereof and which 2S 
provides an amplified RF signal at an output there- 
of, the method comprising: 

coupling a control bias signal to said input of 
the power transistor and to an input of a control 
transistor; 

generating a difference signal which is substan- 
tially proportional to the difference between an 
output signal of the control transistor and an in- 
put signal; and 

coupling said difference signal to an input of a 
driver transistor, said control bias signal being 
an output signal of the driver transistor. 
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(54) Radio frequency amplifiers 

(57) A radio frequency amplifier having a power 
transistor (Q1) to the base of which is coupled a radio 
frequency signal to be amplified. An amplified radio fre- 
quency signal is provided at the collector of the power 
transistor (Q1). A control transistor (Qc) has its base 
coupled to the base of the power transistor (Q1) whilst 
a driver transistor (Q2) provides a control bias signal to 
the bases of the control and power transistors. A differ- 
ential amplifier (Qdl, Qd2) has a first input coupled to 
an input bias signal and an output coupled to the base 
of the driver transistor (Q2). The collector of the control 
transistor (Qc) is coupled to a second input of the differ- 
ential amplifier to provide a negative feedback signal to 
the differential amplifier and the driver transistor (Q2) 
and thereby to stabilise the operating point of the power 
transistor (Ql ). 
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